DNA oxidation is commonly investigated using electrochemistry. Electrochemists have done a lot of work on the electrochemical reactions of nucleic acids, and among the nucleic acid constituents only bases were shown to undergo reduction and/or oxidation at electrode surfaces 2-7 .The electrochemical mechanisms of guanine and adenine oxidation in solution have been also thoroughly investigated, however, there have been few mechanistic studies of its oxidation at electrodes [8] [9] [10] , and it is difficult to study the oxidation process of bases using eletrochemistry.
the nucleic acid constituents only bases were shown to undergo reduction and/or oxidation at electrode surfaces [2] [3] [4] [5] [6] [7] .The electrochemical mechanisms of guanine and adenine oxidation in solution have been also thoroughly investigated, however, there have been few mechanistic studies of its oxidation at electrodes [8] [9] [10] , and it is difficult to study the oxidation process of bases using eletrochemistry.
Quantum chemistry is a basic and reliable theory to study chemistry, so the reaction mechanisms of DNA and bases at a electrode are discussed using eletrochemistry and quantum chemistry here. is an irreversible redox couple.According to Laviron's equation [11] [12] [13] . , is also obtained.
The batteriy reaction of two half reactions in gas state is written as:
The transformed Gibbs free energy (⊿rG 1 o ) of reaction (1) 
The mechanism for guanine and adenine are [14] [15] :
The reaction mechanisms of N-protonated guanine and adenine are also designed as 
The batteries reactions in gas state is written as: The batteries reactions in gas state of N-protonated guanine and adenine is also calculated as above method.
The CV curves of phenol are shown in Figure1, the peaks, at + 0.566, 0.681 and 0.959V, corresponds to phenol oxidation in pH 9.00, 7.00 and 3.00 phosphate buffer solution, respectively.The peak of phenol oxidation shifts to positive direction with pH decrease. Figure 2-SWV curve of 2 mmol.L -1 guanine and adenine at pH 9.00,7.00 and 3.00. a:1, pH 3.00; 2, pH 7.00; 3, pH 9.00.b:1, pH 3.00; 2, pH 7.00;3, pH 9.00.
The SWV curves of guanine are shown in Figure 2 (b), the peak, at +0.718, 0.796 and 0.996V, corresponds to guanine oxidation in pH 9.00, 7.00 and 3.00 phosphate buffer solution, respectively. The oxidative peak for guanine also shifts to the negative direaction with pH increase.
The CV curves of DNA are shown in Figure 3 (a), the peaks, at +0.748 and 1.064, corresponds to DNA oxidation at pH 9.00, and ascribe to the oxidation of guanine and adenine, respectively. The peaks, at 0.818 and 1.115V corresponds to DNA oxidation at pH 7.00; and the peak ,at 1.039V, corresponds to guanine oxidation at pH 3.00.
These results is inagreement with the previous work [16] [17] [18] . The oxidative peak for the adenine of DNA in pH 3.00 phosphate buffer solution is not found due to high background current. The SWV curves of DNA are shown in Figure 3 (b), the peaks, at +0.750 and 1.082, corresponds to DNA oxidation at pH 9.00, and the peaks, at 0.817 and 1.133V, corresponds to DNA oxidation at pH 7.00, and the peak at 1.040V corresponds to guanine oxidation in DNA at pH 3.00. The oxidative peak for DNA in SWV curves is consistent with those in CV.
The Gibbs free energies in gas state (G The experimental and calculated potentials vs. saturated calomel electrode (SCE of 0.2416V at 25℃) are shown in Table 1 . From Table 1 the calculted oxidative peaks of 0.707 V at pH 9.00, 0.822V at pH 7.00 and 1.098V at pH 3.00 for N-protonated guanine at B3LYP/6-31G(d,p) level and 0.715 V at pH 9.00, 0.830V at pH 7.00 and 1.108V at pH 3.00 at B3LYP/6-31G(d) level for N-protonated guanine are consistent with the experimental peak of 0.718V at pH 9.00, 0.796V at pH 7.00 and 0.996V at pH 3.00, respectively,indicated that the experimental oxidative peak of 0.718 V at pH 9.00, 0.796V at pH 7.00 and 1.096 at pH 3.00 ascribes to the couple of GH 3 /GH 1 . The calculted oxidation peaks of 1.092 V at pH 9.00, 1.207V at pH 7.00 and 1.485V at pH 3.00 for adenine at B3LYP/6-31G(d) level, 1.011 V at pH 9.00, 1.178V at pH 7.00 and 1.456V at pH 3.00 for adenine at B3LYP/6-31G(d,p) level and 1.104 V at pH 9.00, 1.219V at pH 7.00 and 1.497V at pH 3.00 for adenine at B3LYP/6-311G +(d,p) level are in agreement with the experimental peaks of 1.066V at pH 9.00, 1.142V at pH 7.00 and 1.304V at pH 3.00, respectively, indicated that the oxidative peaks of 1.073 V at pH 9.00, 1.188V at pH 7.00 and 1.466V at pH 3.00 ascribe to the couple of A 4 /A 3 , the experimental peak of 1.332V at pH 9.00 is inagreement with the calculated potential of for the experiments by polishing to gain a mirror-like appearance, first with fine wet emery papers (grain size 4000) and then with 1.0mm and 0.3mm alumina slurry on micro cloth pads (Buehler, USA). After the initial polishing, the GCE were resurfaced using 0.05mm alumina slurry. First, the GCE were sonicated in the water twice then in 1:1 (v/v) isopropyl alcohol and acetonitrile mixture for 10min.All CV and SWV experiments were carried out at 25℃.
According to the molecular structure and symmetry, the initial geometries of p-BQ and phenol, adenine, guanine and derivatives, are optimized at same level. All the calculations were performed by the DFT method (B3LYP) 24 with 6-31G(d), 6-31G(d, p) and 6-311+G(d,p) using the GAUSSIAN 03 suite of programs 25 . All optimized geometries were further examined through vibrational frequency analysis. The molecule structure for calculating energies of solvation is optimzed in water, and the energies of solvation at 298.15K and 1atm were calculated by the Polarized Continuum (overlapping spheres) model (PCM) of Tomasi and coworkers for analytic energies at the same level . [26] [27] [28] 
